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Background & Motivation
• Traditional alloy design focused on 
minor additions to one base metal.
• High-entropy alloys (HEAs) explore 
the use of many elements in 
roughly equal parts.
• Unexplored composition space may 
hold many useful alloys.
• Effective models of phase 
formation are needed to quickly 
determine which compositions are 
most likely to have useful 
properties.
• Goal: Determine whether Hume-Rothery
principles can be extended to HEAs.
Goals & Objectives
Materials & Methods
• The AlCuNiTiZr system allows us to manipulate atomic radii mismatch by changing 
Ti:Zr ratio.
• Characterization of samples by XRD and SEM/EDS.
• Ball milled, as cast, and annealed (1000 °C for 5 hours) samples analyzed.
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Synthesis Techniques
• Manipulate strain by changing atomic 
radius mismatch.
• Determine what effect, if any, lattice strain 
has on phase development in this system.
Arc Melting Ball Milling
Melt SpinningAs CastAnnealing
Results & Discussion
Conclusions & Future Work
• Cast samples determined to consist primarily 
of a BCC phase with a minor FCC phase via 
XRD.
• Annealed samples were seen to be similar to 
cast samples, with the possible development 
of a smaller BCC phase through spinodal
decomposition.
• SEM and EDS findings indicate a lighter Cu rich – Ni poor 
“intergranular” phase and a darker Ni rich – Cu poor 
“granular” phase in AlCuNiTi0.5Zr0.5 and AlCuNiTi, but only 
one easily visible phase in AlCuNiZr.
• Ball milled samples all showed evidence of 
amorphization.
AlCuNiTi AlCuNiTi0.5Zr0.5 AlCuNiZr
• Larger contrast differences visible in 
AlCuNiZr determined by EDS to be the 
result of grain orientation differences.
•As the Ti:Zr ratio increases, the strain decreases. The strain is calculated 
using the following relation –
Where
•As Zr is added, the strain increases from 4.2% (AlCuNiTi) to 6.5% 
(AlCuNiTi0.5Zr0.5) and eventually 7.8% (AlCuNiZr), assuming the formation of 
a single phase. For HEAs, a single phase is thought to occur when 0 ≤ δ ≤ 6%
•As we adopt non-equilibrium techniques (ball-milling vs annealed alloys), it 
appears that the system tends to disorder faster, and prefer to form an 
amorphous structure
•Similar to the effect of strain, we intend to investigate the effect of valence 
electron concentration in the Al(CuxNi1-x)TiZr alloys, and establish whether 
Hume-Rothery rules regarding valence electron concentration (VEC) are 
applicable to phase selection in HEAs
•Investigate phase selection in Al(CuxNi1-x)TiZr and AlCuNi(TixZr1-x) alloys 
during melt-spinning.
•Synthesis of off-equiatomic iso-strain and iso-VEC compositions for a 
complete verification of the validity of Hume-Rothery rules on phase-
selection in HEAs.
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